Table of Contents Introduction
The reauthorization of the Individuals with Disabilities Education Act (IDEA) has heightened demands for equity and accountability in education for the approximately 6.5 million children and youth with disabilities in the United States (U.S. Department of Education, 2004 ). In the 2003-2004 school year, almost half of all students with disabilities were in regular classrooms for 80 percent or more of the school day (U.S. Department of Education, 2005) . Furthermore, since the inception of the No Child Left Behind Act of 2001 (NCLB, 2002) , more students with disabilities participate in assessments than in the past, and states are required to report the achievement of students with disabilities as a separate subgroup. In a review of state practices, Klein, Wiley, and Thurlow (2006) found that 44 states reported participation and performance for students with disabilities on all of their NCLB assessments. Nearly 84% of middle school students with Individualized Education Programs (IEPs) participated in general reading assessments, as reported by states in [2002] [2003] Annual Performance Reports (Thurlow, Moen, & Wiley, 2005) .
Students with disabilities traditionally perform at substantially lower levels than students with no apparent disabilities (Abedi, Leon, & Mirocha, 2003; Klein, et al., 2006; Ysseldyke et al., 1998) . While their lower performance may be partially attributed to their specific disability, other factors may potentially interfere with their performance, such as the lack of opportunity to learn or lack of appropriate testing accommodations. Specific characteristics of the test itself may also be a reason. Variables unrelated to the construct of an assessment may affect its reliability and validity for students with disabilities. Haladyna and Downing (2004) created a taxonomy of what they found to be constructirrelevant variance in high-stakes testing. The taxonomy included 21 potential sources of systematic errors associated with construct-irrelevant variance, including factors relating to test development, such as item quality and test item format. Given the high rates of participation of students with disabilities in standardized assessments, it is necessary to have valid and reliable measures of their knowledge and skills with minimal constructirrelevant variance.
Classical theory of measurement is based on the assumption that measurement error has a similar random distribution for all students and no differential subgroup trend is assumed (see Allen & Yen, 1979) . However, test bias can occur when performance on a test requires sources of knowledge different from those intended to be measured, causing the test scores to be less valid for a particular group (Penfield & Lam, 2000) . Our current study seeks to identify a potential source of construct-irrelevant variance by examining item bias with the eventual hope of creating tests that more accurately reflect the knowledge of students with disabilities.
Educational measurement researchers and theorists have examined many different forms of detecting item bias (Matlock-Hetzel, 1997; O'Neal, 1991) , including different forms of analyses for examining distractors, such as linear polytomous scoring (Crehan & Haladyna, 1994) , point-biserial discrimination index (Attali & Fraenkel, 2000) , factorial modeling (Wang, 2000) , standardization approach (Dorans & Holland, 1992; Dorans, Schmitt, & Bleistein, 1992) , and log-linear modeling (Green, Crone, & Folk, 1989; Marshall, 1983 ). More recent methods of detecting item bias use the framework of differential item functioning (DIF; Penfield & Lam, 2000) . DIF analyses have traditionally been used to examine item bias for members of different demographic groups, such as for determining cultural bias in a test item. For example, if a certain group performs lower on average on a specific item, then one could say that the item is biased against that particular group. DIF analyses compare the performance of two groups of the same level of ability in order to disentangle the effects of unfairness and ability level. Consistent differences between the two groups would suggest that DIF is present. However, it must be noted that considering an item as biased would also require determining the non-target constructs that lead to the between-group differences in performance (Penfield & Lam, 2000) . Green et al. (1989) extended the concept of DIF to what they termed differential distractor functioning (DDF). DIF analysis treats all answers alike and examines all wrong answers against the correct answer and DDF analysis, in contrast, examines only the incorrect answers. Green et al. argued that if different groups preferred different incorrect responses to an item, often called foils or distractors, then the item could mean something different to the different groups. Although group differences in distractor choices do not affect test scores (because all distractors are wrong), group differences might suggest differential functioning for different subgroups. In their DDF study, Green et al. used log-linear models to examine subgroups while holding ability constant, to ensure that any group differences detected were not due to differences in ability. DDF analysis acknowledges that people of different abilities are expected to pick different wrong answers, but people of different backgrounds may prefer different distractors. Green et al. argued that when a test shows substantial DDF, it is not blind to a particular group, and therefore test scores cannot be interpreted in the same way for the different groups.
While there is research examining measurement issues related to distractors in multiplechoice items, research on the role of distractors specifically on the assessment outcomes of students with disabilities is scarce. Assessment outcome studies that examine distractors tend to focus on other subgroups, such as gender. For instance, Marshall (1983) found a significant interaction between gender and choice of distractor in a large majority of items in a grade 6 assessment. Other past research explored differences between students' ability and incorrect option choices (Huntley & Welch, 1993; Levine & Drasgow, 1983) . However, as aforementioned, DDF analysis already acknowledges that different ability groups will likely pick different incorrect answers.
Given the paucity of studies examining distractor choices for students with disabilities, we were interested in exploring whether there is a differential trend of selecting distractors among students with disabilities and students without disabilities, while controlling for ability, using existing data. It is imperative to provide assessment tools that are conceptually and psychometrically sound for all students, particularly those with special needs. Results of this study can provide insight on factors that may affect the performance of students with disabilities, and may open avenues for future studies as part of an effort to improve assessments for all students.
Research Questions
The following research questions guided the analyses and reporting of this study:
1. Do items on standardized Reading Comprehension (RC) and Word Analysis (WA) subscales exhibit differential distractor functioning (DDF) for students with disabilities?
2. Does the differential distractor functioning for students with disabilities increase for items located in the second half of RC and WA subscales?
3. Do the results of DDF vary by grade (from grade 3 to grade 9)?
Methodology Data Source
Data from a single state provided the impetus for answering the above research questions. The data were obtained for the 1997-1998 academic year from a small state with an average number of students with disabilities, and included item-level information on students' responses in the Stanford Achievement Test, Ninth Edition (Stanford 9). Published by Harcourt Brace Educational Measurement in 1996, the Stanford 9 is a standardized, norm-referenced test in several subject areas, including reading. According to the Harcourt Assessment website, the Stanford 9 uses an "easy-hard-easy format" in which "difficult questions are surrounded by easy questions to encourage students to complete the test. " The reading portion of the test is characterized by three different types of reading selections: recreational, textual, and functional, and includes items that assess initial understanding, interpretation, critical analysis, and reading strategy (HarcourtAssessment.com).
The present study examines two subscales of the Stanford 9, Reading Comprehension (RC) and Word Analysis (WA) (more commonly known as "phonics" or "decoding"), from the state (the state is not named to preserve anonymity). The test results from public school students in grades 3 and 9 were analyzed to present data over a wider age range. Students with valid scores were included in our analyses. Students with LEP (limited English proficient) classifications (including LEP students with disabilities) were excluded from the analyses to reduce the possible confounding of language proficiency issues. Of the 6,611 third-grade students included in the present analyses, 448 (6.8%) were considered to be students with disabilities. Of the 5,287 ninth-grade students, 522 (9.9%) were considered to be students with disabilities.
Procedure & Statistical Design
Multiple-choice items in two reading subscales (RC & WA) were selected for this study. Each multiple-choice item had four response options consisting of a correct response and three distractors. Analyses were conducted for grade 3 and grade 9 students. We selected two grades apart enough from each other to examine the possible differences between the grade/age of students.
To examine the possibility of differential distractor functioning (DDF) across the categories of students with disabilities and students without disabilities, we used a multi-step logistic regression procedure. Item distractors are often designed to draw the attention of students with partial knowledge of the question. Therefore it is important to control for student ability in the construct when attempting to test for DDF. This is especially true in subgroups such as students with disabilities, who often have performance gaps relative to students without disabilities.
Only incorrect responses were considered in this analysis, and responses were grouped into two categories. One category represented students who selected the most common distractor, and the other category consisted of students who selected one of the two less common distractors. This indicator of distractor selection was used as the criterion variable. A total score on the applicable subscale (RC or WA) was computed as a proxy for ability on the construct. This score was standardized to provide easier interpretation of odds ratios. In step 1, the ability proxy was entered into the model and a measure of the explained variance (Naeglekerke R-square) was obtained. In step 2, the students with disabilities grouping variable and an interaction between the grouping variable and the ability proxy were entered into the model. Again the R-square estimate was obtained. The change in R-square between step 1 and step 2 was calculated and tested for significance. Analyses were performed for each item separately. Since there were large numbers of items in each content area, the adjustment of type I error rate (α) for multiple analyses was not practical. Therefore results emphasize trends in the significance levels rather than focusing on findings for any particular item. Items were identified for closer inspection as having differential distractor functioning if the R-square change was at least 0.003 and was significant at p<0.01.
A similar approach was used to determine if item location influences DDF for students with disabilities. Rather than using the total score as a proxy for ability, only the combined score on items from the first half of the assessment was used as an ability proxy (first 27 out of 54 items for RC; first 15 out of 30 items for WA). Using this second type of proxy enables us to examine potential influences of item location. Items that exhibited DDF were examined more closely by looking at the odds ratios of the variables in the final model. If systemic differences in the DDF findings arose between the two approaches they could then be compared. For example, if items showed larger DDF effects on the items from the latter portion of the assessment when the second proxy was used, and if the odds ratios on those items were in a consistent direction, then it would be appar- ent that item location was influencing DDF. There could be multiple reasons why item location might influence DDF for students with disabilities, including but not limited to, time pressures, fatigue, frustration and motivation. However, determining specific reasons was beyond the scope of this study.
Results
The analyses examine the following research questions:
2. Does the differential distractor functioning (DDF) for students with disabilities increase for items located in the second half of RC and WA subscales?
Separate model approaches were used to answer research questions 1 and 2 respectively. To answer question 1, student ability was measured as the total score on the applicable subscale (RC or WA). To answer question 2, student ability was measured as the score on items from the first half of the applicable assessment. In each model approach the additional variance explained by the introduction of disability status and the interaction between disability status and student ability was examined to determine if the item in question met the specified thresholds to be considered as indicating DDF. Results are described in the following pages by subscale and by grade. Detailed results of the analyses are provided in the Appendix.
Reading Comprehension
Grade 3. Table 1 presents a summary of the results of the grade 3 reading comprehension items. With Model 1, in which the total score on the 54-item RC assessment was used as an ability proxy, four items indicated DDF. Three of the four items that showed DDF were from the second half of the assessment. In Model 2 only the score on the first 27 RC items were used to measure student reading ability. If systemic DDF is present for items on the second half of the assessment, we would expect to see more items show DDF using this approach. However, only three items indicated DDF using Model 2. These results suggest that DDF is minimal on the RC assessment in grade 3, and there is little evidence of item location influencing DDF. 
Model Model
Note: In Model 1, the total score was used as an ability proxy. In Model 2, the score on the first 27 items was used as an ability proxy.
Grade 9. Table 2 presents results for the grade 9 RC subscale that are very different from what was seen with grade 3. With Model 1, in which the total score on the 54-item RC assessment was used as an ability proxy, 10 items indicated DDF. Six of the ten items that showed DDF were from the second half of the assessment. With Model 2, in which the first half of the RC assessment was used as the measure of student reading ability, 13 items exhibited DDF. Using the Model 2 approach, 10 of the 13 items that indicated DDF originated from the second half of the RC assessment. There was substantially more DDF present in grade 9 than in grade 3. Note: In Model 1, the total score was used as an ability proxy. In Model 2, the score on the first 27 items was used as an ability proxy. Table 3 presents the results for items in Model 2 that showed DDF. Results are presented for each step in the logistic regression. Odds ratios are also reported for each variable to determine if the DDF is operating similarly for items from the second half of the RC assessment. Of the 10 items that indicated DDF from the second half of the assessment, seven had a significant main effect for the disability status variable. For each of these seven items the odds ratio for students with disabilities was less than 1.0, indicating that students with disabilities were less likely to choose the most commonly chosen distractor when compared to students without disabilities. For example, on Item 33, while controlling for reading ability on the first 27 items, students with disabilities were about one third as likely (0.35) to select the most commonly selected distractor when compared to students without disabilities. Step 1
Ability Proxy
Step 2 Ability Proxy and disability status (Uniform)
Step 3 
Word Analysis
Grade 3. Table 4 presents a summary of the results of the grade 3 Word Analysis items. With Model 1, in which the total score on the 30-item WA assessment was used as an ability proxy, three items indicated DDF. All three items that showed DDF were from the second half of the assessment. In Model 2 only the score on the first 15 WC items were used to measure student reading ability. If systemic DDF is present for items on the second half of the assessment we would expect to see more items showing DDF. Only one item showed DDF using the Model 2 approach. These results are similar to the results on the RC assessment in grade 3 and suggest that DDF is minimal on the WC assessment with little evidence of item location influencing DDF. Note. In Model 1, the total score was used as an ability proxy. In Model 2, the score on the first 15 items was used as an ability proxy.
Grade 9. Table 5 presents results for the grade 9 WA subscale which are again quite different than what was seen with grade 3. With Model 1, in which the total score on the 30-item WA assessment was used as an ability proxy, 12 items indicated DDF. Eight of the twelve items that showed DDF were from the second half of the assessment. With Model 2, in which the first half of the WC assessment was used as a measure of student reading ability, eleven items indicated DDF. Seven of the eleven items that showed DDF were from the second half of the RC assessment. There was substantially more DDF present in grade 9 than in grade 3. Note: In Model 1, the total score was used as an ability proxy. In Model 2, the score on the first 15 items was used as an ability proxy. Table 6 presents the results for items in Model 2 that showed DDF. Results are presented for each step in the logistic regression. Odds ratios are also reported for each variable to determine if DDF is operating similarly for items from the second half of the RC assessment. Of the seven items that showed DDF from the second half of the assessment, six had a significant main effect for the disability status variable. For each of these six items the odds ratio for students with disabilities was less than 1.0, indicating that students with disabilities were less likely to choose the most commonly chosen distractor when compared to students without disabilities. For example, on Item 20, while controlling for reading ability on the first 15 items, students with disabilities were less than one third as likely (0.31) to select the most commonly selected distractor when compared to students without disabilities. Step 1
Ability Proxy
Step 2 Ability Proxy and Disability Status (Uniform)
Step 3 Note: * denotes significance at p<.05. ** denotes significance at p<.01
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Discussion
The national achievement trend shows that students with disabilities perform considerably lower than students with no apparent disabilities. While these achievement gaps can be partly explained by the interference of students' specific disabilities, other factors may also contribute to the performance gaps. Factors related to both the instruction and assessment of these students play a large role in their achievement. While we believe factors related to instruction and assessment are intricately intertwined, this study focuses on the factors that influence the assessment of students with disabilities. Specifically, this study focuses on the test items themselves, and whether the items have a potential bias against students with disabilities. The present study therefore explored distractor choices amongst students with disabilities using an existing data set. Results of this study can shed light on potential factors affecting the accessibility of reading assessments for students with disabilities, in an effort to provide assessment tools that are conceptually and psychometrically sound for all students.
The following research questions guided this study:
1. Do items on standardized Reading Comprehension (RC) and Word Analysis (WA) subscales exhibit differential Distractor Functioning (DDF) for students with disabilities?
To answer these research questions, student responses on multiple-choice items were compared across the disability status categories in two reading subscales of the Stanford 9, Reading Comprehension and Word Analysis, in two grade levels (3 and 9) from public schools in an entire state. Each multiple-choice item consisted of four response options (one correct and three distractors). Item distractors are often designed to draw the attention of students with partial knowledge of the question. Therefore it is important to control for student ability in the construct when attempting to examine differential distractor functioning (DDF).
DDF assumes that people of different ability already naturally choose different wrong answers (Green et al., 1989) . It is when substantial DDF is shown for a particular group that there is cause for concern. Our present study results suggest that a substantial number of items exhibit DDF for students with disabilities in grade 9. Results also suggest that items showing DDF were more likely to be located in the second half of the assessments rather than the first half of the assessments. Results also suggest that DDF was present for grade 9 test items, but not for grade 3 test items. Even when controlling for ability using only the items in the first half of the assessments, more grade 9 items exhibited DDF than grade 3 items.
For items showing DDF, odds ratios for students with disabilities were less than 1.0, suggesting that students with disabilities were less likely to choose the most common distractor as compared to their peers without disabilities. Students with disabilities might be randomly selecting one of the four response options rather than making an "educated guess. " Our concurrent study that employs DIF analyses sheds additional light on differential response patterns for students with disabilities, and is available in a companion report. Findings from our concurrent DIF study are consistent with the DDF analyses, in that students with disabilities were shown to perform more poorly on items located in the second half of the assessment, even while controlling for their performance on the first half of the assessment (see the companion report for more details, Abedi, Leon, & Kao [2006] ).
The findings of this study have multiple implications. First we might speculate why items located in the second half of assessments showed more DDF than items located in the first half. It could be that students with disabilities require more time than is allowed to complete the tests, or that they became fatigued or frustrated at a certain point in the test. Since responses to these items appear to have been selected more randomly, it could be that many students with disabilities did not have the time or energy to thoroughly read or give the items much thought. Or it could be that they reached a certain cognitive overload. More research is necessary to determine the actual cause or causes, possibly with qualitative research. We might also speculate why DDF was present for grade 9 items but not for grade 3 items. This might be attributed to the content and construct of the test, or to the students themselves. Again, more research is needed.
This study has several major limitations. For example, it does not differentiate between different categories of disabilities. Student performance across different categories of disabilities may be quite different and these factors may affect their performance quite differently. Given the heterogeneity of students with disabilities, it is not ideal to group them together into one category, and additional insight could be gathered from analyzing data by specific disability groups. This study was also limited in terms of scope. We did not have access to the specific types of testing accommodations that these students may have received, such as extended time. Also, without access to the actual test items, we were unable to make any conclusive statements regarding the content of the tests, especially with respect to the differences across the two grade levels. Further investigation is required for future studies.
Nevertheless, findings of this study provide evidence that other factors related to the assessments may contribute to the performance gap between students with disabilities and their peers without disabilities. Controlling for factors that are not related to the content being assessed may help test developers provide more accessible and more valid assessments for students with disabilities. 
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